Caspase 2 has been implicated in trophic deprivation-induced neuronal death. We have shown that overexpression of the caspase 2-binding protein RAIDD induces neuronal apoptosis, acting synergistically with trophic deprivation. Currently, we examine the role of endogenous RAIDD in apoptosis of PC12 cells and sympathetic neurons. Expression of a truncated caspase recruitment domain-only form of caspase 2, which presumably disrupts the RAIDD interaction with endogenous caspase 2, attenuated trophic deprivationinduced apoptosis. Furthermore, downregulation of RAIDD by small interfering RNA led to inhibition of trophic deprivation-induced death, whereas death induced by DNA damage, which is not caspase 2-mediated, was not inhibited. Therefore, RAIDD, likely through interaction with caspase 2, is involved in trophic deprivation-induced neuronal apoptosis. This is the first demonstration of the involvement of RAIDD in apoptosis, and provides further support for the idea that apoptotic pathways in the same system may differ depending on the initiating stimulus.
Introduction
Apoptosis generally occurs through an 'intrinsic' or 'stress', and an 'extrinsic' or 'death receptor' pathway. In both cases, there is involvement of caspases. Caspases are intracellular cysteine aspartases that are activated in cell death and inflammatory pathways.
1,2 The 13 known vertebrate members of this protease family can be categorized into different groups, depending on their relative homology, their substrate and inhibitor specificity, their involvement in apoptosis or inflammation, their early or late position in apoptotic pathways, and the presence or absence of large N-terminal prodomains. 2 Most of the caspases fall neatly within these categories, but the situation for caspase 2 is more complex. Caspase 2 is the mammalian caspase most closely related to the C. elegans ced3 caspase. 3 It has a large prodomain and high homology with caspases 1 and 9, which are 'apical' or 'initiator' caspases. On the other hand, it has a synthetic substrate specificity that is similar to that of the 'effector' caspases 3 and 7, and has been shown in many systems to be processed by such effector caspases, situating it in a downstream position in apoptotic pathways. 2, 4 A variety of studies support the idea that caspase 2 may be a 'master regulator' caspase in the intrinsic pathway. [5] [6] [7] [8] [9] [10] Furthermore, the possibility has been raised that it may act independently of the caspase 9-related apoptosome, which may serve only to amplify the signal, but not to determine life or death. 5, 11 We have shown that caspase 2 is involved in apoptosis induced by trophic deprivation in PC12 cells and sympathetic neurons. 12, 13 The relevance of such data were questioned when caspase 2 null mice were reported to have very few defects in apoptosis and, in particular, no defect in NGF deprivation-induced death of cultured sympathetic neurons.
14, 15 We have found that a major cause for this discrepancy is the compensatory upregulation in caspase 2 null neurons of the caspase 9 pathway, which is normally held in check by an inhibitor of apoptosis family member, XIAP. 16 Recent findings from others, using a dominant-negative strategy, have confirmed the requirement for caspase 2 in this system. 17 Caspases are generally activated either through processing at aspartate residues or through homo-or hetero-oligomerization. 2 The latter scenario generally applies to long prodomain-containing caspases, such as caspase 2. Caspase 2 contains in its N-terminal domain a caspase recruitment domain (CARD), which interacts with the CARD of at least two other proteins, RAIDD/CRADD and ARC. [18] [19] [20] [21] However, binding of these adaptors to caspase 2 has not been conclusively shown in a cellular context following a physiological death stimulus. Therefore, the manner of caspase 2 activation remains elusive, and the role of such adaptor proteins is unclear.
We have recently cloned rat RAIDD and have reported that its overexpression in PC12 cells and neonatal rat sympathetic neurons leads to apoptotic death. RAIDD overexpression acted synergistically with serum deprivation to induce death of PC12 cells. Coexpression of a truncated caspase 2 construct containing only the CARD (C2(1-135)) inhibited RAIDDinduced death. 22 These data raised the possibility that RAIDD may play a role in trophic factor deprivation-induced apoptosis through its interaction with caspase 2. In this manuscript, we have addressed more directly the role of endogenous RAIDD in trophic factor deprivation-induced apoptosis of PC12 cells and sympathetic neurons.
Results

RAIDD is present with caspase 2 in the cytosol
The levels and localization of endogenous RAIDD in PC12 cells and sympathetic neurons at baseline and following trophic deprivation were examined by Western blotting using a RAIDD specific antiserum. We have previously shown that this antiserum recognizes overexpressed rat RAIDD in PC12 cells and sympathetic neurons, both by immunostaining and Western immunoblotting. 22 In the present experiments, endogenous RAIDD was detected as an approximately 23 kDa band on Western immunoblots of PC12 cell lysates ( Figure 1a) . The levels of endogenous RAIDD did not change with serum deprivation, whereas caspase 2 was processed, as previously described 13 ( Figure 1a) . Similar results were achieved following immunoblotting with two additional commercial antisera directed against RAIDD (from Santa Cruz and US Biochemicals, data not shown).
To examine the subcellular localization of RAIDD, we performed fractionations by differential centrifugation followed by Western immunoblotting. RAIDD was detected exclusively in the cytosolic fractions and there was no significant change in levels following serum deprivation (top panel, Figure 1b) . A 50 kDa protein corresponding to full-length caspase 2 was present predominantly in the cytosolic fraction, and showed Figure 1 RAIDD colocalizes with caspase 2 in the cytosol and its levels do not change with trophic deprivation. (a) PC12 cells were deprived of serum (SD) or maintained in serum (À), and 5 h later were lysed. The lysates (50 mg protein) were run on 12% SDS/PAGE gels and immunoblotted with a RAIDD Ab, or with an N-terminal caspase 2 (C2) Ab. 12 The RAIDD blot was stripped and reprobed with anti-ERK 2 (bottom panel). Processing of C2 is apparent, but there is no change in RAIDD levels. Preincubation of the RAIDD antibody with the immunizing peptide resulted in the loss of the 23 kDa band (data not shown). (b) Nuclear, membrane and S-100 cytosolic fractions of 0, 4 or 8 h serum-deprived (SD) PC12 cells were generated. The lysates (100 mg protein) were run on a 12% SDS/PAGE gel and immunoblotted with a RAIDD Ab (top panel). The 23 kDa RAIDD band is indicated by an arrow. The same lysates were also used for immunoblotting with PARP, COX and b-actin Abs, as markers for the nuclear, membrane and cytosolic fractions, respectively, and for imunoblotting with the caspase 2 (C2) Ab. Note that while the cytosolic fraction, in which RAIDD and C2 are detected, is free of contaminants from other cellular compartments, the nuclear fractions are not entirely pure, as b-actin and COX are present. The apparent increase of PARP expression and the decrease of C2 expression in this compartment at 4 and 8 h of serum deprivation likely reflect stochastic differences in the purity of the preparation, and were not consistently observed in other experiments Figure 2 RAIDD localizes to the cytoplasm of PC12 cells and sympathetic neurons and its localization or levels do not change with trophic deprivation. (a) PC12 cells were treated with no additives (ctl) or were serum-deprived (SD). After 12 h, they were fixed and immunostained with a RAIDD Ab and labeled with Hoechst, with ( þ peptide) or without preincubation with a neutralizing peptide. The arrow indicates an apoptotic cell. Images were obtained at Â 100 in an inverted fluorescence microscope. (b) Sympathetic neurons were fixed and immunostained with a RAIDD Ab and labeled with Hoechst, with ( þ peptide) or without (Àpeptide) preincubation with a neutralizing peptide. Images were obtained at Â 40 in an inverted fluorescence microscope diminution of expression in this cellular compartment after serum deprivation (bottom panel). More prolonged exposure of the blot showed that the 37 kDa cleavage product of caspase 2 processing was also present in the cytosolic fraction and increased with serum deprivation (data not shown).
To confirm the above results, we immunostained PC12 cells and sympathetic neurons with the RAIDD antiserum. Immunostaining was cytoplasmic, and was blocked by preincubation with the immunizing peptide (Figure 2a, b) . There was no apparent change in levels or localization following serum deprivation from PC12 cells (Figure 2a) or NGF deprivation from sympathetic neurons (data not shown). Note that the absence of RAIDD staining in an apoptotic cell in Figure 2a is not a specific phenomenon, as it is observed with most intracellular proteins at these late stages of cellular degeneration.
We conclude that RAIDD is expressed in the cytosol, and that its levels or subcellular distribution do not appreciably change with trophic deprivation. Moreover, as we had previously reported, 12 the majority of caspase 2 also appears to be localized to the cytosol.
A RAIDD-binding form of the rat caspase 2 CARD protects PC12 cells and sympathetic neurons from trophic factor deprivation-induced apoptotic death
We have previously reported that a truncated version of rat caspase 2, C2(1-135), containing essentially only the caspase 2 CARD, coimmunoprecipitates with rat RAIDD upon co-overexpression in HEK 293 T cells. 22 We therefore reasoned that this construct should act as a dominant negative, preventing the putative interaction between endogenous caspase 2 and RAIDD. Thus, if such an interaction is required for activation of caspase 2, the construct should protect cells from trophic factor deprivation-induced apoptosis. Accordingly, we expressed this Myc-tagged construct in PC12 cells and sympathetic neurons by transient transfection, and assessed its effects on death induced by trophic factor withdrawal. As controls (ctl's), we used overexpression of EGFP alone, or together with overexpression of an inert form of the serine protease PAI-2 (PAI2MT). C2 showed an exclusively cytoplasmic form of staining, often in a punctate pattern (Figure 3a) . Expression of this construct provided significant protection of PC12 cells from serum withdrawal and of sympathetic neurons from NGF deprivation-induced death (Figure 3b-d) . . After 24 h, the cells were deprived of serum (SD) or maintained in serum (control). After 24 h, the cells were fixed and immunostained with a Myc Ab, followed by Hoechst labeling. PC12 cells expressing C2(1-135) showed significantly less apoptosis compared to those expressing PAI2MT (Po0.001, Student's t-test). This is representative of four different experiments. (c, d) Sympathetic neuron cultures (5 days old) were transfected with pCMS-EGFP vectors encoding EGFP alone or, in addition, Myc-tagged PAI2MT or C2(1-135). After 24 h, the cultures were either deprived of NGF (ÀNGF) or maintained in NGF ( þ NGF). After 36 h, the cells were fixed and immunostained with an Myc Ab, followed by Hoechst labeling. Neurons were assessed in individual wells for the presence of apoptotic nuclear features. Results represent n ¼ 4 for NGF-deprived cultures, and n ¼ 2 for þ NGF cultures. C2(1-135)-expressing neurons showed significantly less apoptosis compared to PAI2MT or EGFP (Po0.05, Student's t-test). This is representative of three independent experiments. Note in (d) the normal, nonapoptotic nucleus of a C2(1-135)-expressing neuron in the top, and the apoptotic nucleus of a PAI2MT-expressing neuron in the bottom panel
Inhibition of RAIDD expression by specific small interfering RNAs (siRNAs) protects PC12 cells from serum deprivation-induced apoptosis
To further examine whether RAIDD is involved in trophic factor deprivation-induced apoptosis, we inhibited its expression through the use of siRNA technology. We generated two siRNAs, R1 and R2, against distinct domains of the rat sequence, 22 and first assessed by immunostaining with the RAIDD-specific antiserum whether they prevented, upon cotransfection, the overexpression of rat RAIDD in PC12 cells (Figure 4a, b) . As negative ctls, we used either a ctl siRNA targeted against the transcription factor ATF5, which has no effect on apoptosis in PC12 cells, 23 or a scrambled (scr) version of R1 that does not target any sequence in the database. Cells overexpressing RAIDD were clearly identified by immunostaining (Figure 4b , middle column, top row), and thus a quantitative analysis of such cells was possible with each siRNA. When compared to ctl siRNAs, expression of R1 and, to a lesser extent, R2 siRNA inhibited RAIDD overexpression in cells cotransfected with EGFP-RAIDD (Figure 4a, b) . Overexpression of Flag-tagged rat RAIDD (FRAIDD 22 ), as assessed by Flag immunostaining, was also inhibited by R1 and R2 siRNAs (data not shown). This inhibition was specific, because R1 siRNA did not inhibit the expression of overexpressed human RAIDD, which was discordant with this siRNA at a single base pair position (data not shown). To verify these results, we performed Western immunoblots of PC12 cell lysates following overexpression of FRAIDD, cotransfected with ctl or R1 siRNA. Inhibition of FRAIDD overexpression was readily apparent (right panel) (Figure 4c , arrow heads denote the position of the band corresponding to FRAIDD).
We next examined the effects of siRNA expression on serum deprivation-induced death of PC12 cells, which we have shown in past is dependent on caspase 2. 12, 13 To this end, we cotransfected PC12 cells with EGFP and the various siRNAs, and then deprived them of serum. R1 siRNA significantly inhibited death of EGFP-positive PC12 cells following serum deprivation, when compared to ctl or scr siRNA. R2 siRNA also promoted survival, but to a lesser extent (Figure 5a ). To verify that the effect of the siRNA was specific, we took advantage of the fact, mentioned above, that human RAIDD expression was not inhibited by R1siRNA. When human RAIDD was overexpressed together with R1 siRNA, it completely abrogated the protective effect of R1 (Figure 5b ). We also assessed whether expression of the siRNAs inhibited serum deprivation-induced apoptosis of EGFP-positive cells, defined by nuclear criteria. R1 and, to a lesser extent, R2 siRNA significantly inhibited such nuclear changes when compared to ctl siRNA ( Figure 5c ). To examine whether the protective effect of downregulating RAIDD is specific to caspase 2-dependent death, we also exposed PC12 cells to the DNA-damaging agent camptothecin. 24 Although neuronal death promoted by camptothecin is caspase-dependent, it is not mediated by caspase 2. 25 In this model, expression of R1 failed to promote survival (Figure 5d ). Therefore, RAIDD does not play a required role Inhibition of RAIDD expression by RAIDD siRNA protects sympathetic neurons against NGF deprivation-induced apoptosis Next, we investigated whether inhibition of RAIDD expression would have an effect on NGF deprivation-induced death of sympathetic neurons. We first examined whether the siRNAs used in PC12 cells were also effective in downregulating overexpressed rat RAIDD in cultured rat sympathetic neurons. Using immunostaining, we found that, similar to PC12 cells, R1 and, to a lesser extent, R2 siRNAs indeed downregulated RAIDD (Figure 6a, b) . We then went on to assess whether such inhibition of RAIDD altered death of NGF-deprived sympathetic neurons. We found that expression of R1 siRNA almost fully protected sympathetic neurons from death induced by NGF deprivation (Figure 6c ). In contrast, R2 siRNA did not have an effect (data not shown). We conclude that inhibition of RAIDD expression prevents death of trophic factor-deprived sympathetic neurons. Judging by the lack of protection provided by siRNA R2, this inhibition needs to be near-complete to achieve this effect.
Discussion
We present here the first conclusive demonstration of the involvement of RAIDD in apoptosis. Although previous studies had shown that RAIDD can associate with caspase 2 and induce death upon overexpression, 18, 19, 22 no study so far has directly implicated endogenous RAIDD in apoptosis. These findings are all the more important, because they are applicable to a model of apoptosis in primary neurons, a model that mimics developmental neuronal programmed cell death.
We have previously shown that caspase 2 is a critical mediator of apoptosis in this model. 12, 13 Our present findings reveal another critical piece of this apoptotic mechanism, and indicate that the caspase 2 adaptor RAIDD is also required for this death to occur. We have previously shown that rat RAIDD and caspase 2, like their human homologues, can interact in a CARD-dependent manner. C2(1-135), a CARD-only truncated version of caspase 2 bound to RAIDD and interfered with RAIDD-induced death. 22 We show here that expression of this construct also inhibits trophic withdrawal-induced apoptosis of PC12 cells and sympathetic neurons. These results suggest that the ability of this truncated protein to interact with RAIDD and inhibit its interaction with endogenous caspase 2 is responsible for its protective effects. The possibility however existed that another caspase 2-interacting molecule, and not RAIDD per se, was involved in apoptotic death in this model. We therefore used an siRNA strategy to downregulate RAIDD expression, and have found that such downregulation results in inhibition of death. siRNAs targeted against two different sites in the RAIDD sequence were both protective in the PC12 cell model, compared to two different ctl siRNAs, and their protective effects correlated with their ability to inhibit RAIDD overexpression. Furthermore, a rescue experiment, in which human RAIDD was reintroduced, showed that this effect was specific for RAIDD. We believe that these results obviate potential concerns for off-target effects of the siRNA technology. To further solidify these findings, we have more recently generated another RNAi against an additional sequence in RAIDD. This siRNA provides comparable suppression of RAIDD expression to R1, and also promotes survival to a similar extent to R1 in PC12 cells. Furthermore, it is also protective against NGF deprivation-induced death in sympathetic neurons (Elena Ribe, Matina Maniati, Leonidas Stefanis and Carol Troy, unpublished observations). These data in conjunction demonstrate that an interaction between caspase 2 and RAIDD is critical for apoptosis in this model. The exact manner of interaction between caspase 2 and RAIDD and of caspase 2 activation in this model remains unclear. Recently, it was demonstrated that caspase 2 can form high molecular weight (HMW) complexes upon incubation of cell lysates at 371C. This complex was formed independently of the caspase 9-related apoptosome, and contained activated caspase 2. 26 The physiological relevance of this complex remains however unclear, because the conditions utilized may not reflect what occurs in a cellular context following an apoptotic stimulus. A relevant model for Note that only EGFP-positive cells were assessed, and that these represent a minority in the cultures (less than 2%). This is representative of two independent experiments. (c) Sympathetic neuron cultures (2 days old) were transfected with pCMS-EGFP and either scrambled (scr) or R1 siRNA in 24-well plates. After 24 h, the cultures were either deprived of NGF (ÀNGF), or maintained in NGF ( þ NGF). Strip counts of EGFP-positive neurons were performed in a blinded manner at baseline (time 0) and 1 and 2 days later. At least 75 neurons were counted in each well at time 0. Results (mean7S.E.M., n ¼ 3) are reported as the percentage of EGFP-positive neurons in each condition compared to time 0. Coexpression of R1siRNA was significantly protective compared to scr siRNA (***Po0.005, and ****o0.001 at 2 days). Protective effects of R1 siRNA were seen in two other independent experiments the activation of caspase 9, which is highly homologous to caspase 2, has been proposed: Caspase 9 is recruited in a CARD-dependent manner to Apaf-1, resulting in a critical local concentration of caspase 9, and then its dimerization/oligomerization and subsequent activation. 27, 28 It is possible that, in an analogous manner, in our model RAIDD plays the role of Apaf-1 in recruiting caspase 2 molecules and thus achieving their activation in an HMW complex through dimerization/autooligomerization. RAIDD self-oligomerization, which we have shown occurs upon its overexpression, 22 may also play a role in this activation. Support for this idea comes from a recent study that showed that, upon the same conditions of incubation of cell extracts employed by Read et al., 26 RAIDD forms an HMW complex with caspase 2. 29 Importantly, this complex also included the protein PIDD, which is related to the signaling pathway of p53. p53 is not thought to be involved in trophic withdrawal-induced neuronal apoptosis (Anderson and Tolkovsky, 30 but see also Aloyz et al 31 ), but PIDD may be constitutively present in our cellular system, and may function independently of the p53 signaling pathway. Also of relevance, in our study, downregulation of RAIDD did not affect death promoted by the DNA-damaging agent camptothecin. Death in this model is known to be p53 dependent. 32 It is further worth noting that the formation of the caspase 2-related HMW complex observed by Tinel and Tschopp 29 was not linked to apoptosis, and that its potential role in this process remains unclear.
Another question that requires clarification is the cellular compartment in which the RAIDD/caspase 2 interaction and subsequent caspase 2 activation occur. Our initial immunostaining studies had found that caspase 2 mainly localizes to the cytoplasm in PC12 cells and sympathetic neurons. 12 Subsequent studies however have reported various localizations for caspase 2, most importantly the nucleus, 33 ,34,7 the mitochondria 35 and the Golgi apparatus. 36 The apparent involvement of caspase 2 as a 'master regulator' of apoptosis, upstream of cytochrome c release, following genotoxic stimuli in certain tumor cell lines has also suggested that its critical action may reside in the nucleus. 10 We report here that endogenous RAIDD localizes to the cytosol. No appreciable RAIDD localization was found in other cellular compartments in our experiments, in contrast to Shearwin-Whyatt et al., 37 who found RAIDD localization in both cytoplasm and nucleus of HeLa cells. The caspase 2 pro-form was predominantly processed in the cytosol in our experiments, providing further evidence that the cytosolic compartment is the one in which critical interactions between caspase 2 and RAIDD are likely to take place. The fact that expression of the putative dominant-negative construct C2(1-135) was also exclusively confined to the cytoplasm, many times in the form of discrete puncta, further argues that this is the case, at least in our cellular system.
The finding that RAIDD siRNA does not inhibit death induced by DNA damage is consistent with our previous results, which argued that caspase 2 is involved specifically in the pathway of trophic deprivation-induced neuronal death. 12, 25 Our present data reinforce that idea, and suggest more generally that apoptotic pathways elicited in the same cell may differ depending on the initiating stimulus.
In conclusion, we demonstrate here that RAIDD, likely through a critical interaction with caspase 2, is involved specifically in trophic deprivation-induced death of PC12 cells and sympathetic neurons. The exact mode of interaction between caspase 2 and RAIDD, the initiating event that promotes such an interaction, other potential binding partners similar to PIDD, and the relationship of these events to other critical points in this apoptotic pathway remain to be elucidated.
Materials and Methods
Cell culture PC12 cells were grown as previously described. 12, 13 Sympathetic neuron cultures were derived from sympathetic ganglia of 1-2-day-old rat pups, and cultured according to the established protocols. 12, 13 siRNAs The ATF5 siRNA that was used as a ctlin some experiments has been reported previously. 23 We generated two custom-made double-stranded siRNAs (R1: r(GGAAUUUUGACGGAAAACC)d(TT) and R2: r(GGACUG GUUCUUCAGUACC)d(TT) targeted against distinct regions of the sequence of rat RAIDD. 22 A scr siRNA of R1 that did not have any homology in the database was used as an additional ctl. All results that were obtained with R1siRNA and ctl siRNA were verified using the scr siRNA.
Transfection
The constructs utilized for transfection (RAIDD, FRAIDD, Flag-tagged human RAIDD (FhRAIDD), C2(1-135), C2(1-135M), PAI2M, EGFP) have been previously described. 22 Transient overexpression of the various genes of interest in PC12 cells or sympathetic neurons was achieved by Lipofectamine-mediated transfection (Lipofectamine 2000, Life Sciences), following the manufacturer's recommendations, with modifications, as described. 22 siRNAs were transfected in 24-well dishes at a concentration of 25 nM together with 0.3 mg of plasmid DNA (either expressing EGFP alone, or together with RAIDD (wild-type rat RAIDD), FRAIDD, or FhRAIDD, (generously provided by Sharad Kumar and Shearwin-Whyatt, Adelaide, Australia). In the case of the pCXN2 vector encoding FhRAIDD, this was coexpressed with the pCMS-EGFP in a 1 : 1 ratio, together with the siRNAs. Concentrations were selected because of preliminary experiments that showed good concordance of fluorescence upon cotransfection of EGFP with fluorescently tagged siRNAs provided by the manufacturer. At 24-36 h after transfection trophic deprivation was performed.
Trophic deprivation/DNA damage PC12 cells were mechanically dissociated from 100 or 35 mm dishes after five rinses with serum-free RPMI 1640 medium and washed with the same medium 3-4 times by centrifugation and resuspension. PC12 cells were then replated in collagen-coated 24-well or 35 mm dishes. 12, 13 For apoptosis induced by DNA damage, cells were exposed to complete medium with or without 10 mM camptothecin. 24 At 3-6 days after plating, sympathetic neurons were rinsed in serum-free medium, and then either re-exposed to medium with NGF ( þ NGF), or deprived of NGF by applying anti-mouse NGF antibody (Ab) (Sigma, 1 : 200). 12 
Assessment of cell death
To assess survival of transfected trophic factor-deprived PC12 cells and sympathetic neurons, we counted in a blinded manner in a defined area of each well the number of EGFP-positive cells immediately after trophic deprivation or camptothecin application (time 0). We repeated these counts 24 and 48 h later. We calculated the percentage of EGFP-positive cells present at these time points compared to time 0. The results in PC12 cells are reported relative to the percentage of cells that were maintained in serum. We counted at least 100 EGFP-positive PC12 cells or 75 sympathetic neurons per well, in at least three different wells per condition.
To assess cell death of transfected cells, we immunostained the cultures with the appropriate antibodies, and counterstained with Hoechst. We then counted in a blinded manner the percentage of cells expressing the protein of interest that showed apoptotic nuclear morphology. We counted at least 100 immuno-positive PC12 cells or 50 sympathetic neurons per well, in at least three different wells per condition.
Results are reported as mean7S.E.M. Statistical comparisons were carried out using Student's t-test.
These assessments of survival/death assessments were performed with the siRNA experiments, in which, as noted above, there was a good correlation between EGFP positivity and penetration of siRNAs. This good correlation was further reinforced by the substantial inhibition of RAIDD overexpression, especially with the R1 siRNA (see Results). When we expressed C2(1-135) in a pCMS-EGFP vector, fewer than 50% of the EGFP-positive cells also showed Myc positivity by immunostaining. Therefore, we have only used the assay of apoptotic death to assess the effects of the expression of this construct on trophic deprivation-induced death.
Immunofluorescence PC12 cells or sympathetic neurons plated on collagen-coated dishes or glass coverslips (Carolina Biological Supplies) were fixed in freshly prepared 3.7% formaldehyde for 25 min at 41C, and then incubated with 10% normal goat serum (NGS) with 0.4% Triton X-100 to block nonspecific binding, followed by incubation with the primary Ab for 1 h at room temperature. Specific antibodies used were anti-RAIDD (rabbit polyclonal, StressGen AAP-270, 1 : 150), anti-Myc (9E10 mouse monoclonal, derived from a mouse hybridoma cell line, 1 : 1), anti-Flag (mouse monoclonal M2, Sigma, 1 : 400), anti-EGFP (mouse monoclonal, Santa Cruz, 1 : 100 or rabbit polyclonal, SYSY, 1 : 300). Following incubation with fluorescent secondary antibodies (Cy2, 1 : 100; or Cy3, 1 : 250, Jackson ImmunoResearch), cells were rinsed in PBS. Hoechst 33342 (Sigma, 1 mg/ml) was added for 20 min at RT, followed by rinses in PBS. In certain cases, to ensure specificity of imunofluorescence, the immunizing RAIDD peptide (Stressgen) was preincubated with the RAIDD Ab for 30 min at a 10-fold excess prior to immunostaining. The cells were then visualized in an inverted microscope (Leica DM IRB) at Â 40 or Â 100, and representative images were obtained with a digital Spot camera. Identical exposure times were used across conditions, except where noted.
Detergent-soluble lysates
To generate detergent-soluble lysates, PC12 cells were rinsed with cold PBS, triturated off the dish in PBS, and then pelletted by centrifugation in a microcentrifuge at 4000 rpm. Cells were then lysed in a buffer containing 1% Triton X-100, 25 mM HEPES, 5 mM MgCl 2 , 1 mM EDTA, 1 mM EGTA and protease inhibitors (Complete, Roche), and left on ice for 20 min. Lysates were then centrifuged at 13 000 rpm in a microcentrifuge, and the supernatants were used for further analysis.
Subcellular fractionation
For subcellular fractionation, pelletted PC12 cells were resuspended in 150-200 ml of buffer A, containing 300 mM sucrose, 1 mM EDTA, 20 mM MOPS (pH 7.4) and protease inhibitors. Cells were then transferred to a Dounce homogenizer, where they were lysed with 20-30 strokes. Lysates were then centrifuged for 10 min at 1000 rpms in a microcentrifuge. The pellet represented the crude nuclear fraction, which also contains unbroken cells. This was further processed by resuspension in buffer B (0.5% ethylhexadecyldimethylammonium bromide, 0.28% glacial acetic acid, 0.5% Triton X-100, 2 mM MgCl 2 , 2.2 mM NaCl, 0.1 Â PBS), which lyses cells, but leaves nuclear membranes intact. 38 The nuclear lysate was then centrifuged at 2000 rpms for 10 min, and resuspended in cold PBS. Centrifugation and resuspension in PBS was repeated twice and the final pellet represented the nuclear lysate. The supernatant from the first centrifugation, containing cytosolic and membrane fractions, was centrifuged at 100 000 Â g for 60 min. The pellet represented the membrane-organelle fraction and the supernatant the S-100 cytosol. All procedures were performed at 41C. Protein concentrations were measured using the Bradford assay (BioRad). Lysates were then solublized in sample buffer (SB) plus b-mercaptoethanol. Specific subcellular compartment markers were used to ensure the validity of this protocol (see Results).
Western immunoblotting
In total, 50-100 mg of protein was separated by SDS-PAGE (12%, unless specified) and transferred onto nitrocellulose membranes. The membranes were blocked in 5% non-fat milk for 1 h at room temperature and probed overnight at 41C with antibodies raised against RAIDD (rabbit polyclonal, 1 : 500, Stressgen), PARP (mouse monoclonal, 1 : 5000, Enzyme Systems Products), COX (mouse monoclonal, 1 : 2500, Molecular Probes), b-actin (Sigma, 1 : 20 000), Flag (mouse monoclonal, Sigma, 1 : 500), or caspase 2 (rabbit polyclonal, 1 : 500 12 ). Protein bands were visualized with horseradish peroxidase conjugated secondary antibodies (Pierce) and enhanced chemiluminescence (Pierce). To ctl for protein loading, in certain cases, the membranes were stripped and reprobed with rabbit polyclonal ERK-2 Ab (Santa Cruz, 1 : 2000).
